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	HEADLINE: Pholem-specific promoter used to express resistance gene
	TITLE: Engineering citrus for resistance to Liberibacter and other phloem pathogens
	DATE: 4/13/2011
	SPONSOR: [Citrus Research and Development Foundation]
	CATEGORY: [Transgenic/Metagenomic Mediation of Resistance]
	ABSTRACT: Objective 1: Transform citrus with constitutively active resistant proteins (R proteins) that will only be expressed in phloem cells. By restricting expression to phloem cells we hope to limit the negative impact on growth and development.  
Results: In addition to the SSI4 obtained from Arabidopsis thaliana var. Columbia genomic DNA, we created two new constructs (5-4) AtSUC2/SSI4 and AtSUC2/ssi4 mutant derived from Nossen genomic DNA (lines obtained from Dr. Klessig). Out of 49 ssi4 transgenics, 18 showed a reduced stature phenotype. However, none of the ssi4 expressing transgenics displayed a severe dwarf phenotype seen when expressed using their native promoter.
We visited Dr. Orbovic’s laboratory at the UF CREC at Lake Alfred and resolved a technical problem regarding the PCR-based screening of citrus transformants. Dr. Orbovic has subsequently identified transgenic citrus for our two clones: AtSUC2/snc1 and AtSUC2/ssi4 mutants.
Objective 2: Develop a method to elicit a robust plant defense response triggered by psyllid feeding. By further restricting expression of the R protein to the single cell that is pierced by the insect stylet, we anticipate that a defense can be mounted without a manifestation of a dwarf phenotype.
The PAD4/ssi4 transgenics were difficult to obtain. We screened three times as many To seeds to obtain 18 plants. From these, 50% developed the "smaller stature" phenotype. Conversely, almost all transgenic plants containing SSI4 (wt) developed normally. Of the 33 transgenics with the PAD4/SNC1 construct, the majority showed no detrimental effect on growth. However, from the 37 PAD4/snc1 mutant transgenics, 10 were smaller than normal.
We obtained 27 transgenics with the PAD4-reporter and analyzed GUS expression. Originally, the PAD4 promoter was selected based on literature reports of its phloem-specific expression and wound-inducibility upon the insect feeding. Our results indicated four basic groups of PAD4/GUS reporter expression in transgenic Arabidopsis leaves as follows: 1) phloem-specific expression with no wound induction; 2) universal expression with strong wound induction; 3) restricted expression with no wound induction; and 4) strong wound expression only.
Conclusions: 
Our GUS analyses of two phloem-specific promoters (AtSUC2 and AtPAD4) revealed that transgenic plants do not maintain strict phloem-specific expression. Moreover, we found no PAD4 plants with the expected phenotype of wound-specific expression limited to phloem cells. However, substitution of the native promoters for ssi4 and snc1 genes with AtSUC2 and AtPAD4 did result in a significant reduction in the severity of the growth retardation phenotypes. Evaluation of more transformants will give us a better picture of the feasibility of utilizing these two promoters to obtain the desired expression patterns in citrus.
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